Abstract
Introduction

18
A moderate increase of L. monocytogenes notifications in meat and meat products other than in order to establish a series of hurdles that no microorganisms present should be able to 29 overcome (Leistner & Gorris, 1995) .
30
High pressure processing (HPP) is a non-thermal food preservation technology for inactivating 31 post-processing contaminants, especially for foods whose nutritional, sensory and functional 32 characteristics are thermosensitive (Carlez, Rosec, Richard, & Cheftel, 1994) . HPP kills and/or 33 sub-lethally injures the cells by destroying the functionality of the cell wall and the cytoplasmic 34 membrane, dissociating the proteins and the ribosomal subunit structures, and inactivating 35 some enzymes (Hoover, Metrick, Papineau, Farkas, & Knorr, 1989) . Several reports have dealt 36 with the effect of HPP on L. monocytogenes in RTE meat products (Aymerich, Jofré, Garriga, & 37 Hugas, 2005; Hayman, Baxter, O'Riordan, & Stewart, 2004) . Pressurized sliced cooked ham is 38 already commercially available in Spain.
39
Another strategy to prevent the growth of pathogens during storage is the addition of natural 40 antimicrobials as food ingredients. Sodium and potassium lactate are natural compounds 41 derived from lactic acid. Lactates act as a bacteriostat by increasing the lag phase of 42 microorganisms. The addition of lactate to food products with neutral pH has proved to prolong 43 its shelf-life (Houtsma, de Wit, & Rombouts, 1993) . A synergistic inhibitory effect of lactate in 44 inhibiting the growth of pathogenic organisms in meat products was observed when combined 45 with diacetate (Mbandi & Shelef, 2002; Samelis, Bedie, Sofos, Belk, Scanga, & Smith, 2002) .
46
The EU and FDA permit the use of sodium lactate, potassium lactate and sodium diacetate in 4 meat products (EC, 1995; FSIS/USDA, 2000) . Class IIa bacteriocins, described as being active 48 against Listeria sp., are one of the most interesting groups of antimicrobial peptides produced 49 by lactic acid bacteria used in food preservation (Drider, Fimland, Héchard, McMullen, & 50 Prévost, 2006 
55
The present study was undertaken to assess the effect of HPP, natural antimicrobials and 56 storage temperature against L. monocytogenes in sliced cooked ham during refrigerated 57 storage. Moreover, the efficiency of the treatments was evaluated by studying if L.
58
monocytogenes was able to overcome the applied hurdles after a cold chain break. 
67
were obtained from a 2 litre culture grown for 15 h at 30ºC. The cells were removed by 68 centrifugation at 10,000 g for 10 min at 4ºC, and 300 g/l of ammonium sulphate (Sigma-Aldrich)
69
were added. The protein precipitate was pelleted by centrifugation at 10,000 g for 30 min and 70 dissolved in 50 mM phosphate buffer, pH 6. A heat treatment of 10 min at 100ºC was applied.
71
The obtained bacteriocin was stored at -80ºC.
73
Bacteriocin assay 74
The indicator strains, L. monocytogenes CTC1010, CTC1011, and CTC1034 were separately 75 grown overnight in Tryptic Soy Broth with 0.6% yeast extract (TSBYE; Merck, Darmstadt,
76
Germany) at 30ºC. Bacteriocin activity was quantified by the agar spot test (Tagg, Dajani, & 5 Wannamaker, 1976 
103
Slices were vacuum packed in polyamide-polyethylene bags (Sacoliva, Castellar del Vallès,
104
Spain).
105
Half of the samples were non-pressurized and half were subjected to high pressure processing
106
(HPP). Pressurisation was performed at 400 MPa for 10 min at 17ºC. HPP was carried out in an 6 industrial hydrostatic pressurization unit (Alstom, Nantes, France) with a chamber volume of 320 108 l and diameter of 280 mm. The pressurization fluid was water, the come up time was 13.5 min,
109
the pressure release time was 1.33 min and the adiabatic heat generated was 5ºC. 
152
The model included lot, storage temperature, storage time, and their interaction as fixed effects.
153
Differences between effects were assessed by the Tukey test (p<0.05). 
176
The addition of enterocins ( 
187
The addition of 1.4 % potassium lactate and 0.1% sodium diacetate to the formulation of ham 188 exerted a bacteriostatic effect against L. monocytogenes during storage both at 1ºC and 6ºC
189
( Fig. 1 & 2) . At day 21 counts in L-D lot were 4 logarithms lower than in the control lot at 6ºC.
190
The bacteriostatic effect of L-D was also reported by Blom et al. (1997) 
194
High pressure processing (400 MPa, 10 min at 17ºC) produced an immediate reduction of L.
195
monocytogenes in a range of 2.5-3.4 logarithms from inoculated levels (Figs. 3 & 4) . After HPP,
196
L. monocytogenes started to grow in the control lot stored at 1ºC, reaching counts of 3 log 9 CFU/g at day 42 (Fig. 3) . In the L-D lot, though, the pathogen was maintained at the levels 
212
Non-pressurized C and E lots stored at 1ºC allowed a rapid growth of L. monocytogenes after 213 temperature abuse, reaching about 7 log CFU/g at day 63 (Fig. 2) . Thus, 2,400 AU/g of 214 enterocins added to the formulation of ham were not effective to limit L. monocytogenes growth 215 at abusive temperatures. C and E lots stored at 6ºC already showed counts of 8 log CFU/g 216 before temperature abuse ( 
246
It is important to highlight that despite the break of the cold chain, no further growth of L.
247
monocytogenes was observed in pressurized cooked ham when seasoned with natural 248 antimicrobials, and the storage temperature was 1ºC. However, a different behaviour was 249 observed when the product was stored at 6ºC (Fig. 4) . In pressurized C lot, a 5-log increase 250 was observed from day 21 to day 42 after temperature abuse. In pressurized E lot, although the 251 levels of the pathogen were maintained around 2 log CFU/g immediately after the cold chain 
